Eight hundred and eighty-¢ve strains of bacterial isolates from various samples associated with the natural habitat of Macrobrachium rosenbergii were screened for their probiotic potential. Two putative probionts namely Bacillus NL110 and Vibrio NE17 isolated from the larvae and egg samples, respectively, were selected for experimental studies and were introduced to the juveniles of M. rosenbergii (0.080 AE 0.001g) through di¡erent modes such as through feed, water and both. The probiotic potential of the above bacteria in terms of improvements in water quality, growth, survival, speci¢c growth rate (SGR), feed conversion ratio and immune parameters was evaluated. The treatment groups showed a signi¢cant improvement in SGR and weight gain (Po0.001). Survival among di¡erent treatment groups was better than that in the control group. There were also signi¢cant improvements in the water quality parameters such as the concentration of nitrate and ammonia in the treatment groups (Po0.05). Improvements in immune parameters such as the total haemocyte count (Po0.05), phenoloxidase activity and respiratory burst were also signi¢cant (Po0.001). It is concluded that screening of the natural micro£ora of cultured ¢sh and shell¢sh for putative probionts might yield probiotic strains of bacteria that could be utilized for an environment-friendly and organic mode of aquaculture.
Introduction
During the past three decades, aquaculture has become the fastest-growing food-producing sector and is contributing signi¢cantly to national economic development, global food supply and food security. Freshwater prawns such as Macrobrachium rosenbergii, which is a preferred species due to several biological characteristics, can be produced in inland locations in closer proximity to large urban markets. M. rosenbergii also appears to be resistant to most of the viral diseases that have impacted marine shrimp (Wang, Lo, Chang & Kou 1998) . Bacterial diseases are considered to be a menace in the intensive larval culture and production of aquaculture species owing to the large-scale mortality they cause in hatcheries and culture systems (Singh 1990; Grisez & Ollevier 1995; Cheng & Chen1998) . Although antibiotics have played a major role in combating many diseases of cultured aquatic organisms, their indiscriminate use in aquaculture has led to undesirable consequences such as development of antibiotic-resistant bacteria and persistence of antibiotic residues in farm-raised shrimp, etc. (Chaithanya, Nayak & Venugopal 1999) .
Recently, the use of probiotics has become a popular and an environment-friendly alternative to antibiotics to improve and maintain a healthy environment for aquaculture. Because shrimp and prawn possess a non-speci¢c immune response, probiotic treatments may provide a broader spectrum and greater non-speci¢c disease protection through competitive exclusion and immune modulation (Rengpipat, Rukpratanporn, Piyatiratitivorakul & Menasaveta 2000) . Several genera of bacteria such as Bacillus, Lactobacillus,Vibrio, Streptococcus, Alteromonas, Aeromonas and Nitrosomonas have been used in the aquaculture practices (Gatesoupe 1994; Rengpipat et al. 2000; Venkat, Sahu & Jain 2004; Balcazar, Rojas-Luna & Cunningham 2007; Aly, Abd-El-Rahman, John & Mohamed 2008) .
Bacillus andVibrio sp. are used widely as probiotics in freshwater aquaculture for improvements in survival, growth and development (Ringo & Vadstein1998; Huys, Dhert, Robles, Ollevier, Sorgeloos & Swings 2001; Kumar, Mukherjee, Prasad & Pal 2006; Keysami, Saad, Sijam, Daud & Alimon 2007; Apun-Molina, Miranda, Gonzalez, Martinez-Diaz & Rojas-Contreras 2009) . They are also used for enhancement in inhibition of pathogenic bacteria (Austin, Stuckey, Robertson, E¡endi & Gri⁄th 1995; Gatesoupe 1997; Huys et al. 2001) , enhancing enzyme activity (Kumar et al. 2006; Ghosh, Sinha & Sahu 2008) , better feed conversion, fecundity and fry production (Wang & Xu 2006; Ghosh, Sinha & Sahu 2007) as well as for immunity enhancement and disease resistance (Irianto & Austin 2002; . However, relatively less work has been directed towards the selection and development of probiotic bacteria for the culture of M. rosenbergii. Therefore, the aim of the present research is to screen putative probiotics from the native micro£ora associated with M. rosenbergii and to evaluate their probiotic potential. Two bacterial strains such as Bacillus NL110 and Vibrio NE17 were evaluated in terms of their antibacterial activity to pathogens in a culture system, pathogenicity to the postlarvae (PL), ability to improve water quality parameters and to enhance the growth, immunity and survival of the juveniles of giant freshwater prawn M. rosenbergii.
Materials and methods

Bacterial isolates used for probiotic screening
Four samples each of water, sediment, intestine of M. rosenbergii, eggs, larvae, PL and feed samples were analysed for isolation of bacteria. A total of 885 isolates of bacteria, which included 131 isolates from water,114 from sediment,155 from intestine of M. rosenbergii, 133 from eggs, 206 isolates from larvae and postlarvae of M. rosenbergii and146 isolates from feed samples, were characterized to the genus level and evaluated for probiotic potential. All the samples were collected from Vembanad lake, an important Ramsar site in India and the home ground of M. rosenbergii. The isolates were characterized up to the generic level using the taxonomic key by Muroga, Higashi and Keetoku (1987) ; Barrow and Feltham (1993) and Holt, Krieg, Sneath, Staley and Willliams (2000) .
Selection of probiotic bacterial strains
All the 885 bacterial isolates were subjected to preliminary screening for the selection of putative probiotic strains, based on their antibacterial activity against ¢sh, prawn and human pathogens. The source and details of the bacterial pathogens used are given below.
Bacterial pathogens used
In order to determine the antibacterial activity of the probiotic strains, various ¢sh, prawn and human pathogens were used. Fish pathogen Aeromonas hydrophila (MTCC 646) and prawn pathogens such as Vibrio parahaemolyticus (MTCC 451) and Vibrio vulni¢cus (MTCC 146) were obtained from the culture collection of Institute of Microbial Technology, Chandigarh, India. Vibrio harveyi (prawn pathogen) was obtained from the culture collection of School of Environmental Studies, Cochin University of Science and Technology, India. Human pathogens such as Escherichia coli, Salmonella newport and Salmonella typhi were obtained from the culture collection maintained at the School of Environmental Sciences, Mahatma Gandhi University, India.
Antibacterial activity of isolates using the well di¡usion and cross-streak method In order to determine the antibacterial activity of the probiotic strains using the well di¡usion method (Chythanya, Karunasagar & Karunasagar 2002) , lawn cultures of ¢sh, prawn and human pathogens such as A. hydrophila,V. parahaemolyticus,V. harveyi, V. vulni¢cus, E. coli, S. newport and S. typhi were prepared by pouring 2 mL of a 16^18-h-old tryptic soya broth (TSB) culture of the above microorganisms over sterile tryptic soya agar (TSA) plates. Excess liquid was drained o¡ and the plates were air dried in an incubator (30 1C) for 15 min. Using a sterile gel, puncher wells (3 mm diameter) were punched into the plates. Thirty microlitres of an 18 h culture of the bacterial isolates (885 numbers) in TSB was pipetted into the wells and plates were incubated for 24 h at 30 1C. The presence of antibacterial activity was noted as a clear zone around the wells.
Only those isolates that showed antibacterial activity to the selected ¢sh, prawn and human pathogens in the well di¡usion method were selected for the study of antibacterial activity using the crossstreak method (Chythanya et al. 2002) . This included four bacterial isolates namely Bacillus NL110, Vibrio NE17, Aeromonas NE2 andVibrio NL40. For the detection of antibacterial activity by a cross-streak assay, an 18 h culture of the above bacterial strains was streaked as a 2 cm thick band across the diameter of the TSA plate. After incubation at 30 1C for 24 h, the growth was scraped with a sterile slide. The remaining bacteria were killed by exposure to 5 mL chloroform poured on the glass lid and left for 15 min by keeping the medium inverted over the lid. The plates were then air dried for about 10 min to remove any residual chloroform, and A. hydrophila,V. parahaemolyticus,V. harveyi,V. vulni¢cus, E. coli, S. newport and S. typhi were streaked perpendicular to the bacterial strain band using a sterile glass rod dipped in an 18-h-old culture. The plates were incubated at 30 1C for 24 h. The presence of antibacterial activity was noted as a linear clear zone. Two isolates namely Bacillus NL110 and Vibrio NE17, which showed good antibacterial activity against the tested pathogens in both the methods, were selected for further screening.
Pathogenicity of probiotic strains to PL of M. rosenbergii
Broth cultures (18 h old) of selected probiotic strains (Bacillus NL110 and Vibrio NE17) were prepared in TSB. The cells were harvested by centrifugation at 1509 g for 15 min, washed in physiological saline and the cells were resuspended in 10 mL sterile physiological saline. The cell numbers in the suspension were determined using the spread plate method by plating serial 10-fold dilution in TSA. From 8.35 Â 10 8 cells mL
of Bacillus NL110 and 7.90 Â 10 8 cells mL À 1 Vibrio NE17 in Physiological saline, 0.1mL was added individually at the beginning of the experiment to each of the 1L beaker containing 500 mL ¢lter-sterilized (0.45 mm) freshwater to obtain 10 5 cells mL À 1 of potential probiotic bacteria (Chythanya et al. 2002; Ravi, Musthafa, Jegathammbal, Kathiresan & Pandian 2007 . After incubation, the probiotic potential of the bacterial strains was tested against A. hydrophila, V. parahaemolyticus, V. harveyi and V. vulni¢cus using the well di¡usion method.
Experimental set-up
The PL (PL-30) of M. rosenbergii were grown up to 0.080 AE 0.001g in a rectangular ¢bre-reinforced plastic (FRP) tank of 1000 L capacity, supplemented with arti¢cial aeration. Fifteen juveniles of uniform size were placed in a 50 L plastic tank containing 30 L water and were acclimatized for 1 week before the trials began. The juveniles were fed twice daily at 10% body weight per day for a period of 60 days. Waste removal was carried out by exchanging water (2 L) from every tank once in a week. Nine experimental groups with probiotics and a control, all in duplicate, were maintained ( Table 1 ). The control group was fed with normal feed, which was free of any probiotic bacterial inoculation.
Preparation and addition of probiotics
Broth cultures of Bacillus NL110 and Vibrio NE17 were prepared in TSB and Lactobacillus plantarum (MTCC 1325) in Lactobacillus MRS broth by inoculating the isolates into respective broths and incubating at room temperature for 24 h. For the addition of probiotics through water, 5 mL broth cultures of Bacillus NL110 (6.90 AE 0.34 Â 10 9 cells mL ) to tanks T8 & T9 once in a week to obtain an approximate concentration of the probiotic bacteria up to 10 6 cells mL À 1 of water in the concerned experimental tank. For preparing the probiotic incorporated feed, the cells of Bacillus NL110,Vibrio NE17 and L. Plantarum, after a 24-h incubation, were harvested by centrifugation at 1509 g for 15 min. The cells were washed thrice and resuspended in physiological saline. The cells were thoroughly mixed with the commercial scampi feed (Higashimaru Feeds, Aleppy, India) to obtain 10 9 probiotic bacteria g À 1 in feed (Suralikar & Sahu 2001; Nejad, Rezaei,Takami, Lovett, Mirvaghe¢ & Shakouri 2006) , and the mixture was spread out and aseptically dried in an oven for 1^2 h at 50 o C.
The bacterial count was checked periodically at a 15-day interval using the spread plate method, and the count was 4.73 AE 2.87 Â 10 9 colony-forming unit (CFU) g À 1 in the Bacillus NL110-incorpo-rated feed, 4.34 AE 1.22 Â 10 9 CFU g À 1 in the Vibrio
in the L. plantarum-incorporated feed and 5.01 AE 1.78 Â 10 5 CFU g À 1 in the normal feed. Feed was stored in clean, plastic bottles at 4 o C and provided to the respective experimental tanks. Probiotic-incorporated feeds were prepared twice weekly.
Physico-chemical parameters
Water samples were collected from the experimental tanks on a weekly basis and analysed for changes in the water quality parameters such as pH, temperature, dissolved oxygen (DO), ammonia and nitrite. The pH of the water sample was analysed using an electronic pH meter (Systronics, m pH System 361, Chennai, India), temperature using a temperature probe (Systronics, m pH System 361), DO using the Winkler method, ammonia using the phenol^hypo-chlorite method and nitrite using the colorimetric method as per the American Public Health Association (APHA 1998).
Bacteriological analysis
Preparation of samples
For bacteriological analysis, water samples from the experimental tanks were collected at a 15-day interval and were serially diluted aseptically up to 10 À 4 using sterile-distilled water. For the analysis of the intestinal micro£ora of juveniles in the initial stage, the specimens were surface washed in a sterile 0.1% benzalconium chloride solution and then thoroughly rinsed in sterile-distilled water. The samples were then ¢ltered using a sterile ¢lter paper and excess water was removed using a sterile blotting paper. The PL samples were then homogenized in a sterile all-glass homogenizer and serially diluted up to 10
. For analysis of the intestinal micro£ora of juveniles of M. rosenbergii at the ¢nal stage, the intestine was removed aseptically, homogenized in a sterile allglass homogenizer and serially diluted up to 10
For the analysis of feed samples, the feed samples were aseptically weighed and homogenized in a sterile all-glass homogenizer and serially diluted up to 10 
Estimation of the total viable count
Aliquots of 0.2 mL samples from each dilution of water samples, intestinal samples and feed samples were spread plated in triplicate on TSA for the enumeration of the total aerobic heterotrophic bacteria, expressed as total viable count (TVC). The plates were then incubated at 30 1C for 24^48 h. After incubation, plates with 30^300 CFU were selected for counting and expression of TVC of bacteria.
Growth performance of juveniles
Juveniles were weighed initially and at the end of the experiment to assess the growth performance in terms of speci¢c growth rate (SGR) and the feed conversion ratio (FCR). SGR and FCR were calculated using the following formula:
SGR ¼ ln final body wt À ln initial body wt 60 days Â 100
where, ln 5 natural log FCR ¼ Quantity of feed consumed Total weight gain
Immunological parameters of the treated juveniles
Total haemocyte count (THC)
Haemolymph (HL) from each prawn was collected from the rostral sinus cavity using a 26 G needle and a 1mL syringe containing an anticoagulant. HL was collected from two randomly selected juveniles from each treatment group at 5 p.m. Haemocytes were counted using a haemocytometer and expressed as cells mL À 1 of HL.
Phenoloxidase (PO) activity
Phenoloxidase activity was estimated spectrophotometrically using L-3, 4-dihydroxyphenyl-alanine (L-DOPA) as a substrate (Soderhall1981). HL in an anticoagulant (100 mL) was incubated for 30 min at room temperature after adding 100 mL of sodium dodecyl sulphate (SDS) in a small cuvette. After the incubation, 1000 mL of enzyme substrate L-DOPA was added and the optic density was measured at 490 nm. Absorbance measurements were performed against a blank consisting of SDS and L-DOPA. One unit of enzyme activity was de¢ned as an increase in absorbance min À 1 100 mL HL À 1 .
Respiratory burst
The respiratory burst or super oxide generation (O 2 À ) of haemocytes was quanti¢ed using a nitroblue tetrazolium (NBT) assay (Song & Hsieh 1994) . HL in the anticoagulant (100 mL) was incubated for 30 min at 10 o C after adding 100 mL of NBT salt solution. After incubation, the mixture was centrifuged at 1610 g for 10 min. After removing the supernatant solution, the cells were washed with phosphate-bu¡ered saline. Then, 100 mL of 100% methanol was added and incubated at room temperature for 10 min. The solution was then centrifuged again at 3622 g for 10 min. The supernatant was removed and the tubes were air dried for 30 min at room temperature. The pellet was then rinsed with 50% methanol three to four times and coated with 120 mL KOH (2 M) and 140 mL dimethyl sulphoxide (DMSO) solution to dissolve the formazan. The optical absorbances of the mixtures were read at 620 nm. The results were expressed as an increase in absorbance 100 mL HL
.
Statistical analysis
The data were analysed by two-factor analysis of variance (ANOVA) using the statistical tool package of MI-CROSOFT OFFICE EXCEL 2007 software. Wherever the treatments were found to be signi¢cant, least signi¢-cance was calculated and signi¢cant treatments were identi¢ed. Whenever necessary, the results are presented as the average and standard deviation.
Results and Discussion
Selection of bacterial isolates with probiotic potential
From a total of 885 bacterial isolates from a natural environment and di¡erent life stages of M. rosenbergii, four were selected initially based on their antibacterial activity against ¢sh, prawn and human pathogens. The pathogenicity of the selected pathogens was well documented by several researchers. Even though Aeromonas spp. are considered to be opportunistic pathogen in the hatchery and culture environment of M. rosenbergii (New 1995) , they have been linked to outbreaks of disease like burn spot disease (El-Gamal, Alderman, Rodgers, Polglase & Macintosh 1986), black-spot, bacterial necrosis and gill obstruction in larvae (Lombardi & Labao 1991a, b) and septicaemia under adverse conditions (Sung, Hwang & Tasi 2000 The results of the antibacterial activity of the bacterial strains isolated from the natural environment of M. rosenbergii against the pathogenic bacteria (Table 2) revealed that the two bacterial strains, Bacillus NL110 isolated from larvae and Vibrio NE17 from egg of M. rosenbergii, had better probiotic potential than Aeromonas NE2 from the eggs and Vibrio NL40 from the larvae of M. rosenbergii. Bacillus NL110 showed antibacterial activity against all the tested ¢sh and prawn pathogens, whileVibrio NE17 showed antibacterial activity against 3 of them. Our observations on the antibacterial activity of Bacillus to pathogens of ¢sh and prawn were similar to those previously reported by . Aquatic candidate probionts for larviculture isolated from adults (Rengpipat et al. 2000; Riquelme, Araya & Escribano 2000; Gullian, Thompson & Rodriguez 2004 ) and healthy larvae (Gatesoupe 1997; Ringo & Vadstein 1998) have been reported previously. It has been suggested that the e⁄cacy of probiotics is likely to be highest in the host species from where they were isolated (Verschuere, Rombaut, Sorgeloos & Verstraete 2000) . It is also reported that the nonpathogenic strains of known pathogenic bacteria like V. alginolyticus, A. media and A. hydrophila also showed antibacterial activity and have been used as a probiotic in algal production, shrimp culture, oyster culture and ¢sh culture (Austin et al. 1995; Gibson, Woodworth & George 1998; Gomez-Gil, Roque & Velasco-Blanco 2002; Irianto & Austin 2002) . It is possible that when pathogenicity is suppressed or lost, other factors such as growth rate or attachment ability, which are factors that contribute to their success as pathogens, may in£uence the micro£ora to the bene¢t of its host.
Pathogenicity of probiotic strains to M. rosenbergii PL Figure 1 shows the pathogenicity e¡ect of Bacillus NL110 and Vibrio NE17 on M. rosenbergii PL. The results showed that Bacillus NL110 and Vibrio NE17 have no pathogenic e¡ect on the PL of M. rosenbergii. The survival of PL was higher in both experimental groups when compared with the control (Po0.01). One of the most important criteria for a candidate to be used in biocontrol is that the organism should be non pathogenic to the host. Because the probiotic strain Bacillus NL110 was isolated from M. rosenbergii larvae and Vibrio NE17 from the eggs collected from the natural habitat, these bacterial strains might have already been selected by the host larvae because of their positive e¡ects on them. Similar ¢ndings on probiotic strains were reported earlier (Chythanya et al. 2002; Vijayan, Bright Singh, Jayaprakash, Alavandi, Somnath Pai, Preetha, Rajan & Santiago 2006) . 
In£uence of growth conditions on the antibacterial activity of probiotic strains
The growth and antibacterial activities of probiotic strains Bacillus NL110 and Vibrio NE17 against 4 pathogenic bacteria at di¡erent pH, temperature and salinities are presented in Table 3 . Bacterial isolates did not show growth at pH 5 and at 10 1C. However, the selected strains did not show antibacterial activity againstV. harveyi andV. vulni¢cus at pH 6. At pH 7 and 8, Bacillus NL110 showed antibacterial activity against all the tested pathogens, while Vibrio NE17 showed antibacterial activity only against A. hydrophila,V. parahaemolyticus andV. vulni¢cus. Bacillus NL110 showed antibacterial activity against all the 4 pathogens in a wide range of temperatures such as 20, 30 and 37 1C, except against V. harveyi at 20 1C. Unlike Bacillus NL110,Vibrio NE17 exhibited antibacterial activity against A. hydrophila, V. parahaemolyticus and V. vulni¢cus only at 30 and 37 1C. Bacillus NL110 and Vibrio NE17 showed good growth and antibacterial activity at all the salinities tested in the present study. Because the probiotic strains have to be used in the ¢eld under di¡erent environmental conditions, the ability of the strains to grow over a wide salinity and temperature range has huge signi¢cance. The study revealed that both the probiotic strains can be used in freshwater as well as in marine aquaculture under a wide temperature and salinity range. The range of environmental conditions over which the organisms in the present study could grow and show activity was wider than those reported by Chythanya et al. (2002) , who studied the production of the antibacterial component of the Pseudomonas I-2 strain under di¡erent environmental conditions. Our ¢ndings were also supported by the observations of Jayaprakash, Pai, Anas, Preetha, Philip and Singh (2005) and Vijayan et al. 
Physico-chemical parameters of water
As all the treatment and control tanks were maintained at room temperature at controlled aeration; there was no signi¢cant variation in the average temperature and DO (29.5^29.8 1C and 6.576 .84 mg L À 1 ) among the di¡erent treatment groups and control. The water pH of all the treatment groups was slightly lower than that of the control (7.78), and the lowest average pH was observed from the T8 group (7.60). The observed physico-chemical parameters of the water such as temperature, DO and pH of the water from the treatment tanks were within the optima for these factors for M. rosenbergii culture. Because M. rosenbergii could tolerate a wide range of temperature (14^35 1C), pH (7.0^8.5) and salinity levels (0^25 g L ) concentration among di¡erent treatments (Fig. 2, Po0.05) . The ammonia concentration of water was the lowest in theT4 group, followed by theT1and T2 groups. Signi¢cantly lower values of nitrite were observed in the T5,T6,T2 and T3 groups respectively. The reduction in ammonia and nitrite in the probiotic-treated tanks may be because of the action of probiotic strains Bacillus NL110 and Vibrio NE17. Bioremediation of water and biocontrol of pathogens (Queiroz & Boyd 1998; Gatesoupe 1999; Skjermo & Vadstein 1999) are the 2 major modes of action of administering bene¢cial bacteria in the culture water.When commercial microbial products are used to treat culture wastewater, heterotrophic bacterial assimilation could be the main and powerful mechanism for organic matter removal and conversion of potentially toxic inorganic nitrogen into relatively stable organic nitrogen. It has been reported that the use of Bacillus spp. improved the water quality, survival and growth rates and increased the health status of juvenile P. monodon (Dalmin, Kathiresan & Purushothaman 2001) . Decamp, Moriarty and Lavens (2008) reported that improved water quality was as a major factor for better performance in biomass increase and concluded that probiotic bacteria such as Bacillus spp. have the potential to induce growth enhancement comparable to that obtained with antimicrobials, and importantly, in a cost-e¡ective manner.
TVC from various samples
The initial TVC load of culture water, commercial scampi feed and the intestine of M. rosenbergii were 3.54 AE 0.08 Â 10 3 CFU mL respectively. After incorporating the probiotic, the TVC of culture water was 10 6 CFU mL À 1 and that of the feed was 10 9 CFU g À 1
. There were no signi¢cant di¡erences between the bacterial counts among the probiotic-incorporated culture water and prawn feed (P40.05). Thereafter, the TVC load of the rearing water was analysed at a 15-days interval, up to 60 days, in the di¡erent experimental groups (Table 4) . There were four-log increases in the TVC of the water from the control tank and the rearing tank water where probiotics were introduced through feed. There was an increase of one log in the TVC of the rearing tank water in which probiotics were introduced through water.
There was a signi¢cant di¡erence in TVC during the culture period (Po0.001). The lowest TVC levels were observed on the ¢rst and the 16th day, while the highest TVC load was found on the 60th day. The £uctuation in the range of the THB load was dependent on the quality of feed, removal of unconsumed feed and the method used in the culture system 
Experimental set up
Ammonia Nitrite mg L -1 Figure 2 Average ammonia and nitrite values of Macrobrachium rosenbergii juvenile rearing water where probiotic strains were introduced through di¡erent routes. (Anderson, Shamsudin & Nash 1989) . It was reported that the TVC normally found in earthen ponds used for commercial shrimp culture was in the range of 10 7 to 10 8 CFU mL À 1 (Colorni 1985) , which was similar to the TVC levels found in our study. However, Rengpipat, Phianphak, Piyatiratitivorakul and Menasveta (1998) reported a TVC of about 10 10 cells mL À 1
, which was higher than that observed in the present study. The above researchers argued that higher TVCs in the culture system were probably due to the low algal density and the lack of grazer organisms.
TheTVC load of the intestine of M. rosenbergii juveniles was estimated after the completion of the experiment from all the experimental tanks (Table 5) . A TVC load of 10 5 CFU J À 1 was found in most of the experimental groups. While there was a one-log increase in the TVC load of the intestine of M. rosenbergii juveniles in the T2 group, it was found to increase by two logs among the juveniles from the T1 and T3 groups. This is an indication of intestinal attachment and successful colonization of probiotic bacteria in the intestine. The TVC loads found in the present study were comparable to the TVC levels in the digestive tract of M. rosenbergii from culture ponds (La- 
Survival and growth of M. rosenbergii juveniles
The survival of M. rosenbergii juveniles (Table 6) showed that there was no signi¢cant di¡erence among the treatment groups (P40.05). The results of the weight gain and SGR (Table 6 ) by M. rosenbergii juvenile showed that there was a signi¢cant di¡er-ence among the treatment groups (Po0.001). Among the di¡erent treatment groups that showed a positive e¡ect, M. rosenbergii juveniles from the T2 and T6 groups showed the highest weight gain, SGR and the lowest FCR. Signi¢cant increases in the growth of P. monodon and P. vannamei with di¡erent strains of Bacillus spp. and Vibrio spp. incorporated into the feed were reported previously (Rengpipat et al. 1998; Gullian et al. 2004) . Garriques and Arevalo (1995) reported better shrimp growth in commercial P. vannamei hatcheries, treated with V. alginolyticus, while Wang (2007) observed a signi¢cantly higher mean weight in probiotic-treated groups of P. vannamei than that of the control. Venkat et al. (2004) and Nejad et al. (2006) reported higher percentage weight gain, SGR and FCR of PL of M. rosenbergii and Indian white shrimp using Lactobacillus spp. and Bacillus respectively. The results of our studies also recon¢rm the ef¢cacy of probiotics in increasing the SGR of cultured shrimp. It was reported by Wang (2007) and Zhou, Wang and Li (2009) that application of probiotics induced digestive enzyme activity and enhanced the survival of P. vannamei. Furthermore, bacteria, particularly members of the genus Bacillus, secrete a wide range of exo-enzymes (Moriarty 1996 (Moriarty , 1998 , which might help them compete with bacterial pathogens for nutrients and thereby inhibit the growth of pathogens. Such probiotic strains were suggested as a valid alternative to the prophylactic application of chemicals (Decamp et al. 2008) . Microorganisms are capable of producing complex molecules, either directly, as part of their metabolic activities, or indirectly, when they die. The compounds that may bene¢t the host include pigments (Holmstrom, Egan, Franks, McCloy & Kjelleberg 2002) , proteins (Klein, Pack, Bonaparte & Reuter 1998) , fatty acids (Shirasaka, Nishi & Shimizu 1995) , vitamins (Sugita, Miyajima & Deguchi 1991) and digestive enzymes (Cahill 1990; Hansen & Olafsen 1999; Ramirez & Dixon 2003) . A problem with many cultured species is the assimilation of arti¢cial diets during the early stages of larval development. It has been suggested that this is due to the low enzyme levels capable of digesting the food (Govoni, Boehlert & Watanabe1986) . Probiotic strains with good exoenzyme potential could help overcome this problem. Nejad et al. (2006) observed increases in the speci¢c activities of digestive enzymes in probiotic treatments that led to enhanced digestion and increased absorption of food. Therefore, the addition of probiotic bacteria capable of producing bene¢cial enzymes may aid in the digestion of arti¢cial foods, thereby reducing the live food feeding period and the subsequent associated costs. However, further studies are needed to determine the exact role of any metabolite produced by the proposed probiotics Bacillus NL110 andVibrio NE17.
Immunological parameters of M. rosenbergii juveniles treated with probiotics
THC
The THC of M. rosenbergii juveniles after the experimental period (Table 7) showed a signi¢cantly higher THC than that of the T4 and T6 treatment groups (Po0.05). The increase in the haemocyte count observed among M. rosenbergii juveniles in the present study was comparable to the observations of Chen (2001) in M. rosenbergii and Chand and Sahoo (2006) in M. malcomsonii. Rodriguez, Espinosa, Echeverria, Cardenas, Roman and Stern (2007) reported increased THC in P. vannamei larvae and 
PO and respiratory burst
The PO activity and respiratory burst study in the HL of M. rosenbergii juveniles (Table 7) showed signi¢-cant di¡erences among the experimental groups (Po0.001). A signi¢cantly higher PO was observed in the treatment group T1, followed by T2, while a high respiratory burst was observed in the T1 group, followed by the T9 group. The results of PO obtained correspond to those obtained by Rengpipat et al. (2000) in P. monodon treated with Bacillus S11 strain and in P. vannamei stimulated with Bacillus P64,Vibrio P62 and V. alginolyticus (Gullian et al. 2004) . A recent study of Tseng, Ho, Huang, Cheng, Shiu, Chiu and Liu (2009) reported increased resistance of shrimp through immune modi¢cations such as increases in PO activity, phagocytic activity and clearance e⁄ciency againstV. alginolyticus after B. subtilis E20 consumption. However, the immune values cannot be compared because the techniques used for PO activity are di¡erent from those used in the present study. Because Bacillus is a long-term resident in probiotic-treated shrimp guts, it should provide a longerterm immunostimulation for shrimp compared with glucan or other such immunostimulants (Sung, Kou & Song 1994) . Improvements in respiratory burst after treatment with probiotics such as V. vulni¢cus (Sung,Yang & Song 1996) , L. rhamnosus, Enterococcus faecium and B. subtilis (Nikoskelainen, Ouwehand, Bylund, Salminen & Lilius 2003; Panigrahi, Kiron, Satoh, Hirono, Kobayashi, Sugita, Puangkaew & Aoki 2007) were also reported. The generation of superoxide anions plays an important role in microbicidal activity and it has been reported in the haemocytes of the crab Carcinus maenas (Bell & Smith 1993) , tiger shrimp P. monodon (Song & Hsieh 1994) and blue shrimp P. stylirostris (Le Moullac, Soyez, Saulnier, Ansquer, Avarre & Levy 1998). Many di¡erent antibacterial compounds are produced by a range of Bacillus spp., and it appears that other bacteria would be unlikely to have resistance genes to all of the antibacterials produced by the Bacillus probionts, especially if they had not been exposed to the Bacillus previously. The probiotic strains used in the present study showed good antibacterial activity against ¢sh, shell¢sh and human pathogens. Bacillus administration has also been shown to increase shrimp survival by enhancing resistance to pathogens by activating both cellular and humoral immune defences in shrimp (Rengpipat et al. 2000) .
Bacillus surface antigens or their metabolites were also reported to act as immunogens for shrimp by stimulating the phagocytic activity of granulocytes (Itami, Kubono, Asano, Tokushige, Takeno, Nishimura, Kondo & Takahashi 1998) . The various mechanisms of probiotic bacterial action might prevent the emergence of resistant strains. The immune systems defend and collectively confer bacterial disease protection. Probiotics are more desirable and environmentally benign compared with the use of antibiotics and chemicals. It is clear from the experiment that the probiotic strains Bacillus NL110 introduced through water and feed separately and Vibrio NE17 introduced through feed and water signi¢cantly enhance the weight gain, SGR, FCR and immunity of M. rosenbergii juveniles. It is concluded that the natural bacterial £ora associated with the cultured ¢sh and shell¢sh might have bacterial strains with good probiotic potential, which may be screened and exploited for an environment-friendly and organic mode of aquaculture.
